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ABSTRACT 

 

The purpose of the study aimed to investigate the effects of drying time on lipid oxidation in boiled dried 

anchovy. Lipids were extracted from boiled dried anchovy after various drying times to measure lipid oxidation 

and changes in lipid composition. The pH slightly decreased during the drying period (p≥0.05). Peroxide value 

(PV) of lipid increased rapidly within 6 hours (p<0.05) and then gradually increased up to 12 hours of drying. The 

accumulation of secondary oxidation products (p-Anisidine values, p-AV) was stable for 6 hours of drying 

(p≥0.05) and then increased significantly up to 12 hours of drying (p<0.05). During drying, no significant changes 

were observed in total lipid throughout the drying period (p>0.05). With increasing drying time, triglyceride (TG) 

and phospholipid (PL) contents decreased but free fatty acid (FFA) content significantly increased (p<0.05).  

Increase of FFA with decrease in triglyceride (TG) content was observed in proportion to drying time, suggesting 

that hydrolysis was induced during drying. These results suggested that during drying period lipid oxidation 

occurred along with hydrolysis.    
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INTRODUCTION 

 

Anchovy (Stolephorus heterolobus) is one of the most important fish species in Thailand because it has 

higher levels of essential fatty acids and protein than other fish species. The annual catch of anchovy in Thailand 

has increased from 57,800 ton in 1987 to 138,600 ton in 2010.  In Thailand, most of the anchovy is captured for 

raw materials to produce boiled and dried products. Drying is the most common method of fish preservation. In 

many developing countries dried salted fish is an important source of low-cost dietary protein. The main 

problems associated with dried salted fish are variable, but often low quality of final products induced by the 

rapid rate of deterioration during processing of distribution and storage (Maruf, Ledward, Neale, & Poulter, 

1990).The boiled dried anchovy was prepared from anchovy in Andaman coast of Thailand. The processing 

consisted of anchovy cooking in brine followed by drying until the moisture content of dried products was 

approximately 10-15%. Changes in lipid during processing, such as lipolysis and lipid oxidation in fish muscle, 

were associated with quality deterioration (Pacheco-Aguilar, Lugo-Sánchez, & Robles-Burguen´ o, 2000). 

Initiation and propagation of lipid oxidation were catalyzed by exposure to oxygen and exposure to light, and 

when oxygen was presented, the decomposition of unsaturated fatty acid occurred more readily (Maruf et al., 

1990). It was reported that the volatile compounds produced by lipid oxidation were primarily responsible for the 
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development of the typical flavor during ripening of anchovy (Pegg, 2011). However, the relationship between 

lipolysis and lipid oxidation in boiled dried anchovy during drying remains unclear. Therefore, the aim of this 

study was to investigate the changes in hydrolysis and lipid oxidation in boiled dried anchovy during drying. 

 

METHODS 

 

Fish sample 

Anchovy (Stolephorus heterolobus), approximately 4.5–5 cm in length were captured in the Andaman coast. 

The anchovy was frozen while at the sea at -18 oC and transported while kept at -18 oC. The average moisture 

content was 75.542.21%. The processing consisted of anchovy cooking in brine (25% w/v) for 15 min, 

followed by drying in an industrial convective drier (controlled to 70 oC and air velocity 2 m/s) for 12 hours. 

Drying experiments were run three times.  
 

Determination of pH 

 pH was measured as described by Young (1992). Anchovy was homogenized in deionized water which the 

pH was determined using a pH meter.   
 

Total lipid extraction 

 Total lipid extraction of anchovy muscle was done according to method of Folch et al. (1957) using a 

mixture of chloroform and methanol (2:1, v/v). Total lipid was kept under nitrogen gas in brown vial glass at -20 
oC until it was analyzed. 

 

Determination of peroxide value (PV) 

 Peroxide value (PV) was analyzed according to method of Pegg (2001) using xylenol orange and iron (II) 

chloride solution. The supernatant was measured for absorbance at 560 nm. PV was expressed as meq active 

oxygen per kg lipid. 
 

Determination of p-Anisidine Value  

 p-AV was determined according to AOCS Recommended Practice Ti la-64 (AOCS, 1990) using p-

Anisidine in acetic acid and measuring the absorbance at 350 nm.   
 

Determination of Lipid Composition 

  Changes in lipid composition were analyzed by thin-layer chromatography with flame ionization 

detection model TLC-FID according to the method of Chotimarkorn et al. (2009). Composition of lipids was 

estimated from peak areas as percentages of total peak area. 
 

RESULTS AND DISSCUSSION 
 

Changes in pH of boiled dried anchovies muscle during drying were shown in Figure 1. In this study, the 

pH decreased throughout the drying period from 6.510.32 to 5.230.27. This might be due to the free fatty 

acids produced by hydrolysis. Similarly, decreasing pH during drying of several fish species had been reported 

earlier (Nakagawa, Noto, Yasokawa, & Kamatani, 2007; Azad Shah, Tokunaga, Kurihara, & Takahashi, 

2009). 
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Figure 1. Changes in pH of anchovy muscle during drying for 12 hours at 70 oC. Values as shown were 

mean ± SD (n=3). Different letters indicated significant differences (p≤0.05). 

Oxidation and hydrolysis of fish lipid during processing and storage resulted in rancidity and texture 

changes that reduced acceptability of fish products. The initial PV of boiled dried anchovy was 2.010.23 

meq/kg lipid and drying caused significant lipid oxidation with a significant increase in PV to 10.270.47 

meq/kg lipid (Figure 2) by the end of drying. A rapid increase in PV was noticeable during 0-6 hours of drying 

(p < 0.05) and then a slight increase took place from 6 hours onwards (p ≥ 0.05). As lipids were oxidized they 

form hydroperoxides, which were susceptible to further oxidation, forming products, such as aldehydes and 

ketones that affect flavor (Hamilton, Kalu, Prisk, Padley, & Pierce, (1997). 

Secondary lipid peroxidation was measured using p-AV. In the current study, the initial boiled dried 

anchovy had p-AV content of 0.54±0.13 that remained nearly constant during 6 hours of drying (p≥0.05).  After 

that, a significant increase in p-AV to 2.45±0.12 was observed from 6 hours of drying until the end of drying 

(p<0.05) as shown in Figure 3. The increase in p-AV during drying might be attributed to partial dehydration 

and increased oxidation at high temperature. One potential reason for secondary lipid peroxidation products 

was that the rate of lipid peroxide decomposition exceeded the rate of their production, so that the secondary 

lipid peroxidation products, such as aldehydes, increased rapidly (Gal, Pinchuk, & Lichtenberg, 2003). This 

study suggested that lipid hydroperoxide decomposition in boiled dried anchovy during drying exceeded the 

rate of formation after 6 hours of drying at 70 oC, for up to 12 hours.  
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Figure 2: Formation of PV in anchovy muscle during drying for up to 12 hours at 70 oC. Values shown 

were mean ± SD (n=3). Different letters indicated significant differences (p≤0.05). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Formation of p-AV in boiled dried anchovy muscle during drying at 70 oC. Values shown 

were mean ± SD (n=3). Different letters indicated significant differences (p≤0.05). 

The total lipid content in boiled anchovy was 13.640.26%. During drying, no significant changes 

were observed in total lipids throughout the drying period (p≥0.05).  The extracted lipid was separated into 

the different lipid classes TG, PL and FFA. Changes in lipid classes of boiled dried anchovy during drying 

were shown in Table 1. In the current study, the major component in total lipids of anchovy muscle was 

TG. The initial TG and PL fractions in boiled dried anchovy were 74.131.23 and 15.670.76% 

respectively. TG and PL contents decreased to 67.241.65 and 9.440.88% (p<0.05) on drying for 12 

hours. Decrease in TG and PL contents was probably due to enzyme hydrolysis (Hwang, & Regenstein, 

1993). Thus, it was suggested that hydrolysis of lipids by lipase and phospholipase had taken place in 

boiled dried anchovy muscle and these enzymes in boiled anchovy muscle were deactivated. The 

formation of FFA was generally associated with enzymatic activity in fish muscle leading to hydrolysis. In 

the current study, FFA contents rapidly increased (p<0.05) from the initial value of 1.250.45 to 

13.120.88% during 12 hours of drying (Sikorski, Kolakowska, & Burt, (1990). The relationship of 

hydrolysis of TG and PL with lipid oxidation was still under discussion.   

 

Table 1: Total lipid and fractions (in % of total) of lipid classes of in boiled dried anchovy during 

drying  

Drying time (h) Total lipid TG PL FFA Unknown 

0 13.640.26 74.131.23a 15.670.76a 1.250.45e 8.720.21 

3 12.750.56 72.341.41b 13.230.78b 4.560.32d 9.410.36 

6 14.320.47 71.210.98ab 12.120.66bc 7.640.56c 9.020.19 

9 13.650.74 69.731.45b 10.540.94c 10.680.94b 9.010.41 

12 12.930.43 67.241.65c 9.440.88c 13.120.88a 10.210.45 

TG: triglyceride; PL: phospholipid: FFA: free fatty acid. Values in the same column with different 

lower-case letters were significantly different from each other at p < 0.05.  
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The current study showed that boiled dried anchovy which was industrially produced in Thailand 

experienced significant lipid peroxidation and hydrolysis. This fish product was widely consumed in 

Thailand. Overall the results indicated that drying of boiled dried anchovy directly caused lipid oxidation 

and hydrolysis. On the basis of this information, it was highly recommended that commercial and practical 

industrial drying methods of anchovy should be changed in order to decrease lipid oxidation and 

hydrolysis. 
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